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Abstract 
Structural decay may be defined as any deviation in a structure’s original geometry or material properties that may cause 
undesirable stresses, displacements, and vibrations in structures. To check Structure conditions, a non-destructive testing such as 
resonance frequency testing, provides an alternative solution. Based on literature studies carried out on resonance frequency 
testing for the determination of axial forces, a simple truss structure was modelled. The truss structure has 2 members with equal 
steel section of L.30.30.3, each acting as compression and tension members, and then applied load was accomplished by hanging 
a steel block on the tip of the truss being tested. Finally, transversal frequency measurements were performed on the truss 
members under various load levels. The collected resonance frequencies were then evaluated using Bernoulli beam theory to 
estimate member forces and rotational spring parameter at the ends of the member. This research shows that the error of 
estimation of member forces in the compression and tension members using modified natural frequency and rotational spring 
parameter by linear regression method varies from 0.26% to 1.99% and 0.2% to 2.41% respectively. The value of rotational 
spring parameters indicates that the members have semi rigid behaviour and closer to fixed rather than pinned conditions. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of the 2nd International Conference on Sustainable Civil Engineering 
Structures and Construction Materials 2014. 
Keywords:Compressive member forces; tensile member forces; natural frequency; rotational spring parameter 
 
 
 
 
 
* Corresponding author. Tel.: +628-571-888-8961 
E-mail address: nawari2007@yahoo.com 
 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of organizing committee of the 2nd International Conference on Sustainable Civil Engineering 
Structures and Construction Materials 2014
197 Ruly Irawan et al. /  Procedia Engineering  95 ( 2014 )  196 – 203 
Nomenclature 
A cross-section area 
Cw wrapping constant 
E elastic modulus 
f natural frequency 
G shear modulus 
I second momen area of cross-section 
fi natural frequency 
i radius of gyration 
J st venant torsion contant 
K effective lenght constant of compressive beam 
L length of beam 
M moment load 
ρ mass per unit-length 
S axial load 
ω angular velocity 
σ endrotational stiffness 
1. Introduction 
1.1. Background 
Structural decay may be defined as any deviation in a structure’s original geometry or material properties that 
may cause undesirable stresses, displacements, or vibrations in the structure. This decay may be due to cracks, loose 
bolts, broken welds, corrosion, or fatigue. In addition, many bridges are decayed due to age, misuse, lack of repair, 
and, in some cases, because improper design. 
Conventional inspection remains the most commonly used method for the structural evaluation of bridges. 
Conventional inspection can be costly and time consuming, especially when disassembly or special rigging is 
necessary to provide access to the area being inspected. Non-destructive testing such as ultrasonic and eddy current 
scanning, acoustic emission, X-ray inspection, and so on, provide methods for local inspection assessment 
techniques. On the other hand, evaluation of truss members using dynamic method namely resonance frequency 
methods, can also provide a local means to assess the condition of the structure. Resonance frequency techniques 
have recently garnered attention in the field of infrastructure assessment. 
These applications have demonstrated that structural vibration-based methods are powerful and can significantly 
reduce the cost and increase the accuracy of non-destructive evaluation of large-scale structures. Dynamics-based 
evaluation techniques require the combination of structure analysis and field testing as well as an adequate analytical 
model that can predict the observed dynamic properties of a structure [1]. 
1.2. Literature review 
Livingston [2] was one of many researchers that introduces method based on frequency measurements to estimate 
the axial load in members. Using parameter estimation with modal data, the axial load in prismatic Euler beams was 
estimated. A nonlinear least squares parameter estimation technique was applied to experimental modal data to 
estimate the axial load on a square rod loaded in uniaxial tension. This parameter technique had error in the 
estimated load ranged from 5% to 40%. 
Virginused vibration frequencies to predict buckling non-destructively, which could estimate lower and upper 
bounds of the buckling load, as well as predicted its value [3]. This property may be utilized to predict lower and 
upper bounds on the buckling load using measured frequencies at low load levels. Lower bounds are especially 
useful, since they establish a safe range of loading. 
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A different approach was used using several frequencies to determine the axial loads and boundary conditions, 
the mode shape and frequency of the first mode were used [4]. The estimation of the end constraint parameter 
however was rather far from the analytical values for the limit conditions pinned-pinned and fixed-fixed and was 
therefore not convincing. 
2. Theory 
2.1. Transversal vibration (Euler beam theory) 
The Euler beam theory is also known as classical beam theory is a simplification of the linear theory of elasticity 
as shown in Fig. 1. It only covers the case of small displacements of beam subjected to lateral loads only. This 
theory used assumptions that the cross-sections of a prismatic beam remain plane during vibration. This means that 
deformations caused by shear forces as well as rotary inertia effects are not taken into account.   
 
a      b 
 
 
 
 
 
 
 
Fig. 1. (a) Transversal vibration of beam; (b) small element. 
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The equation above is a differential equation of motion according to Euler theory for beams under axial load 
subjected to transversal vibrations. 
2.2. Vibration of beam with simply supported ends 
For a beam with simply supported ends, the displacement has to be zero at both ends, the formula is shown 
below 
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2.3. Vibration of beam with fixed ends 
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2.4. Vibration with simply supported under axial load, SĮ0 
The frequencies of axially loaded beam are 
௜݂ ൌ ݅ଶ ή గଶή௟మ ή ට
ாήூ
ఘή஺ ή ටͳ ൅
ௌή௟మ
௜మήாήூήగమ (4) 
2.5. Approximation of frequency for beams with other boundary conditions 
The Natural frequencies when an axial tensile or compressive load acts on a beam are different for different 
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boundary conditions. Therefore, the natural frequency formulations are generally determined by energy analysis, 
assuming that the axial load S remain constant [5]. 
߱௡ ൌ ߱଴ටͳ േ ఈ
మ
௡మ (5) 
 
Where 
ߙଶ ൌ ௌή௟మగమாூ (6) 
And 
݊ ൌ ͳǡʹǡ͵ǡ ǥ ǡ ݊ 
݊ ൌNumber of mode 
2.6. Approximation of frequency for beams with rotational spring parameter 
The solution of, with rotational end constraint, the characteristic equation become [3]. 
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Consider a specific case of beam, subjected to axial force, with pinned (σ1 = 0) and the rotational spring (σ2) at 
the other end. We can examine the dynamics of the beam for zero-end rotational parameter (i.e., a pinned–pinned 
beam) to infinite-end rotational parameter (i.e., a pinned–fixed beam). 
3. Theory 
3.1. Materials  
Steel profiles used in this experiment were purchased at the local material supplier in Yogyakarta. Steel beams 
with SNI standard are chosen for better properties (less bends, corrosions and other natural defects). A total of 2 
steel beams, each were provided acting as a compression and a tension members. The dimension of the samples are 
L×H×B = 1050×28.4×2.3 mm3 and 1275×28.4×2.3 mm3. The material has elasticity of 206969 N/mm2, and density 
of 7850 Kg/m3. In addition, the members have section properties of Area, Ix, Iy, Ixy of 125.4 mm2, 9164.05 mm4, 
9164.05 mm4, and 3947.4 mm4 respectively. 
3.2. Test equipment and data processing 
Equipment used in the study consisted of strain gauges, accelerometer, strain indicator, digital analogue 
converter, torque wrench, gravity load, and personal computer. 
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3.3. Setup experiment 
The loading tests were carried out using the loading frame on Structural Laboratory of Civil and Environment 
Engineering Department of Gadjah Mada University as shown in Fig. 2. The maximum gravity point load for this 
experiment was 350 kilograms. The frequency measurements were carried out for 8 various load levels between 0 
kilograms and 350 kilograms with an interval of 50 kilograms. These levels were chosen on the assumption that the 
maximum load could be controlled well below 350 kilograms, to limit lateral displacement.  
a               b 
 
 
 
 
 
 
 
 
Fig. 2. (a) Illustration of set up of the test; (b) photo of the test. 
4. Result and discussion 
4.1. Estimation of rotational spring parameter 
To be able to assess the better accuracy of the results, the rotational parameter at the beam-ends ideally should be 
derived from detail deflection tests, but it seems to be difficult in site according to [6]. Fig. 3 may be used to predict 
of rotational spring parameter.The normalized frequency is used as an input, where rotational spring parameter is 
determined by inputting normalized frequency of experiment into the graph. However iteration of rotational spring 
parameter based on Eq. (11) is an alternative way to predict σ. Fig. 3 shows that value of σ for pinned, semi rigid, 
and fixed members vary from 0 to 1, 1 to 100, and 100 to 100000 respectively. 
 
 
 
 
 
 
 
 
 
Fig. 3. Effect on natural frequency of varying rotational joint parameter relative to beam parameter (α = σ ) [6]. 
 
accelerometer 
gravity load 
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4.2. Estimation of compressive member force using linear regression of frequency and rotational spring parameter 
Fig. 4 shows the modified natural frequency of compression member using linear regression me thod. 
 
Fig. 4. Modified frequency of compression member calculated by linear regression method. 
Table 1. Estimation of member force of compression member using modified natural frequency and 
rotational spring parameter. 
Gravity Load 
(Kg) 
Member Force 
(N) 
Calculated σ Modified σ 
(20Nm) (25Nm) (30Nm) (20Nm)   (25Nm)   (30Nm)   
0 0 15.81 16.55 17.63 15.79 16.33 17.46 
50 -771.33 19.61 21.12 21.66 20.08 22.45 22.77 
100 -1528.37 20.63 24.11 24.11 18.89 21.04 21.41 
150 -2285.11 14.09 14.40 15.36 16.38 17.58 18.18 
200 -3042.69 15.49 16.18 16.53 14.93 15.34 15.98 
250 -3799.49 16.70 16.70 17.47 15.33 15.57 16.08 
300 -4556.52 15.52 16.54 16.91 16.77 17.54 18.06 
350 -5313.56 17.17 18.75 20.11 16.84 18.51 19.83 
 
 
Fig. 5. Estimation of compressive member force using linear regression of frequency and rotational spring parameter 
Better estimation of member forces of compression member is shown in Table 1 and Fig. 5.  Error of estimation 
of member force varies from 0.26% to 1.84%. 
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4.3. Estimation of tensile member force using linear regression of frequency and rotational spring parameter 
Fig. 6 shows the modified natural frequency of tensile member using linear regression method. Table 2 present 
modified natural frequency and rotational spring parameter of tension member. 
 
Fig. 6. Modified natural frequency of tension member using linear regression method. 
 
Table 2. Modified rotational spring parameter of tension member using linear regression method 
Gravity Load 
(Kg) 
Member Force  
(N) 
Calculated σ Modified  σ 
(20Nm) (25Nm) (30Nm) (20Nm)   (25Nm)   (30Nm)   
50 922.81 32.85 34.54 38.29 31.90 33.17 37.26 
100 1824.44 36.63 40.81 64.64 40.23 45.62 68.34 
150 2726.06 47.13 50.17 67.06 43.08 45.63 63.67 
200 3627.69 43.31 43.31 52.26 43.21 42.40 50.46 
250 4529.32 40.15 40.15 40.15 42.48 41.23 43.73 
300 5430.94 42.13 39.73 47.58 42.19 44.00 47.77 
350 6332.57 44.47 53.96 58.05 43.03 49.23 56.06 
 
Table 2 shows that the member has value of σ more than 10 but less than 100. Therefore, the member can be 
assumed to have semi rigid behaviour and closer to fixed rather than pinned conditions as shown in Fig. 3.Fig. 7 
shows the estimated member force of tension member.  
Estimation of tensile member force using modified natural frequency and rotational spring parameter is more 
consistent and reasonable because the error is varying from 0.2% to 2.58%. 
 
Fig. 7. Estimation of tensile member force using linear regression of frequency and rotational spring parameter. 
203 Ruly Irawan et al. /  Procedia Engineering  95 ( 2014 )  196 – 203 
5. Conclusion 
a) The quality of the results is very sensitive to the input, especially the measured frequencies and the rotational 
spring parameter. 
b) The errors of estimation of the axial load for compression member using modified natural frequency and 
rotational spring parameter by linear regression method vary from 0.26% to 1.84%.  
c) The errors of estimation of the axial load for tension member using modified natural frequency and rotational 
spring parameter by linear regression method vary from 0.2% to 2.58%.  
d) Rotational spring parameters of compression and tension member have value of ߪ more than 10 but less than 
100. According to Crovela, the members have semi rigid behaviour and closer to fixed rather than pinned 
conditions.  
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